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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
ADRs in hospital patients are a significant burden,
though how often ADRs cause re-admission to
hospital has not been well documented in the
literature.

WHAT THIS STUDY ADDS
• One fifth of patients re-admitted to hospital

within 1 year of discharge from their index
admission were re-admitted due to an adverse
drug reaction.

• Admission to a medical ward, elderly age and
prescription of anti-platelet agents or diuretics
were identified as risk factors for re-admission
due to ADRs.

• Since up to 50% of these reactions were possibly
avoidable, better methods of medication review
in both hospital and primary care, in conjunction
with a clinical review, are needed to enable
improved prescribing practices that will be
essential for improving the benefit-harm balance
of medicines.

AIM
The proportion of re-admissions to hospital caused by ADRs is poorly
documented in the UK. The aim of this study was to evaluate the
impact of ADRs on re-admission to hospital after a period as an
inpatient.

METHODS
One thousand patients consecutively admitted to 12 wards were
included. All subsequent admissions for this cohort within 1 year of
discharge from the index admission were retrospectively reviewed.

RESULTS
Of the 1000 patients included, 403 (40.3%, 95% CI 39.1, 45.4%) were
re-admitted within 1 year. Complete data were available for 290 (70.2%)
re-admitted patients, with an ADR contributing to admission in 60
(20.8%, 95% CI 16.4, 25.6%) patients. Presence of an ADR in the index
admission did not predict for an ADR-related re-admission (10.5% vs.
7.2%, P = 0.25), or re-admission overall (47.2% vs. 41.2%, P = 0.15). The
implicated drug was commenced in the index admission in 33/148
(22.3%) instances, with 37/148 (25%) commenced elsewhere since the
index admission. Increasing age and an index admission in a medical
ward were associated with a higher incidence of re-admission ADR. The
most frequent causative drugs were anti-platelets and loop diuretics,
with bleeding and renal impairment the most frequent ADRs. Over half
(52/91, 57.1%) of the ADRs were judged to be definitely or possibly
avoidable.

CONCLUSIONS
One fifth of patients re-admitted to hospital within 1 year of discharge
from their index admission are re-admitted due to an ADR. Our data
highlight drug and patient groups where interventions are needed to
reduce the incidence of ADRs leading to re-admission.
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Introduction

Studies from our research group have shown that 6.5% of
hospital admissions are due to adverse drug reactions
(ADRs) [1], and that almost 15% of UK patients experience
an ADR during their admission [2]. However, little is known
about re-admissions to hospitals due to ADRs.

There is a clearly a need to reduce re-admission rates to
hospital, whether they are due to drugs or not. This is
important in terms of patient care, and in relieving the
burden on over-stretched hospitals. A recent news item
highlighted that approximately 500 000 patients are
re-admitted to UK hospitals every year [3]. There are many
reasons for this including premature discharge because of
pressure on beds, poor community support services, infec-
tions and poor treatment, which includes drugs causing
adverse effects. For example, a German study from 2004
found that 37% of inpatients in internal medicine wards
were re-admitted, mostly within 6 weeks of discharge.
However ADR occurrence in previous admissions did not
increase the risk of the ADRs in subsequent admissions [4].
Importantly, Dormann et al. noted that due to the high
turnover of inpatients, ADRs caused by in-house therapy
are not entirely distinct from community acquired ADRs
[4]. Recurrent ADRs causing multiple admissions for the
same patient were found to be increasing in an Australian
study and were responsible for one third of ADR-related
admissions [5].

In this study, we aimed to assess the rate of emergency
re-admissions to hospital within 1 year of discharge from a
hospital ward. The 1 year time period enabled the identifi-
cation of ADRs which may not be immediately apparent
following commencement of new medicines. As 28-day
re-admission is an UK NHS performance indicator [6], this
time period was also examined.This study aimed to distin-
guish ADRs that originated in hospital from those originat-
ing elsewhere and potentially identify which of these
ADRs, and subsequent admissions, were preventable.

Methods

The first 1000 patients admitted to 12 wards as part of a
prospective study examining ADRs in hospital in-patients

[2] were included in the study. If they were re-admitted
within 12 months of discharge from their initial (index)
admission,the cause of their re-admission was recorded.As
a secondary analysis, the re-admission rate within 28 days
of discharge was also calculated. Data on whether or not
the patients had an ADR during their index admission were
obtained from the in-patient study [2]. Admission and dis-
charge data were extracted from the hospital patient
administration system (PAS) system with the assistance
of the hospital audit department using InfoCom and
Microsoft Access. A research pharmacist conducted a
retrospective case note review examining the clinical
information available for evidence of ADRs relating to
re-admission. Data were collected manually and trans-
ferred to a Microsoft Access database. An ADR was defined
according to Edwards & Aronson [7], with an ADR-related
re-admission being defined as:‘an ADR, which is the reason
for, or contributes to the admission to hospital of a patient
in the defined cohort’.The reasons for index admission and
subsequent re-admissions were recorded.

Suspected ADRs were analyzed for causality [8], avoid-
ability [9], and suitability for reporting to the UK Regulator,
the Medicines and Healthcare Regulatory Authority
(MHRA) [10]. All ADRs were initially assessed by two inves-
tigators and any discrepancies were discussed before the
appropriate classification of each ADR was finalized. The
ADRs were also classified as Type A or Type B reactions
according to the classification of Rawlins & Thompson [11].

Approval for the study was obtained from the Study
Hospital Audit Department; Ethics Committee advice was
sought and approval was not required. Statistical analysis
was performed using StatsDirect version 2.6.2 and P values
of <0.05 were interpreted as statistically significant.

Results

Of the 1000 patients included in the study, 403 patients
(40.3%, 95% CI 39.1, 45.4%) were re-admitted to the hospi-
tal in the year following the index admission. The patients’
demographic details are shown in Table 1.

Figure 1 shows ADR prevalence during admission and
at re-admission for the 955 patients who were discharged
from their index admission. Of the 403 re-admitted, 73

Table 1
Demographic data – Re-admitted vs. not re-admitted patients

Variable
Overall
(n = 955)

Re-admitted
(n = 403)

Not re-admitted
(n = 552)

P value (re-admitted vs.
not re-admitted)

Age (years) [median, (Q1–Q3)] 62 (42–76) 68 (47–79) 56 (39–74) <0.0001
Male sex (%) 453 (47.4%) 199 (49.3%) 254 (46.1%) >0.3

Number of medical patients at index
admission (medical or surgical) (%)

679 (71.1%) 316 (78.4%) 363 (65.8%) <0.0001
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(18.1%) patients had at least one ADR-related re-
admission. However, the outcome was unknown for 100
patients. If the patients with unknown outcomes are
excluded, 73 of 303 (24.1%, 95% CI 19.6, 29.2%) patients
had one or more ADR-related re-admissions within 1 year
of discharge from the index admission.

A total of 950 readmission episodes were identified in
the 403 patients who were re-admitted to hospital. Case-
note data on 669 (70.4%) of these re-admission episodes
were available. The median time to the first re-admission
episode was 65 days [Quartile 1 (Q1) to Quartile 3 (Q3)

22–154 days]. The number of re-admission episodes for
individual patients ranged from 1 to 28 [median 1 (Q1–Q3
1–3 readmissions)]. Complete data were available for 290
(70.2%) of the re-admitted patients, with an ADR contrib-
uting to admission in 60 (20.8%, 95% CI 16.4, 25.6%)
patients. A total of 91 ADRs were identified in 73 patients,
in 86 re-admissions. ADRs were directly responsible for
admission in 67 of 669 assessable re-admissions (10.0%),
and contributed to re-admission in 19 (2.8%) cases.

Patients re-admitted due to ADRs had a median age of
74 years (Q1–Q3, 61–82 years). A total of 30 of 403 males

No
n = 51
(5.3%)    

Subject to re-admission assessment 

n = 955 (100%) 

No ADR during at
index admission
episode n = 792
(82.9%)   

Experienced ADR
during index admission
episode   n = 163
(17.1%)    

Not
re-admitted
n = 86
(9.0%)    

Re-admitted
n = 77 (8.1%)

 Not
re-admitted
n = 466
(48.8%)    

 Re-admitted
n = 326
(34.1%)   

 ≥ 1 Re-admission due to ADR?  ≥ 1 Re-admission due to ADR? 

 No
n = 179
(18.7%)   

Unknown
n = 90
(9.4%)   

Yes
n = 16
(1.7%)   

Unknown
n = 10
(1.0%)   

Yes
n = 57
(6.0%)   

Same ADR as index
admission?  

Yes = 6 (0.6%) 

No = 10 (1.0%) 

Index
admission
deaths   

n = 45  

Patients admitted to selected wards as
index admission  

n = 1000 

Figure 1
Flow chart showing numbers of patients with ADRs during index admission and those re-admitted within 1 year of discharge from index admission
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(7.4%), and 43 of 451 (9.5%) females were re-admitted due
to ADRs (c2 = 1.17, P > 0.1).The median length of stay
for the index admission was not significantly different
between those re-admitted due to ADRs (10 days, Q1-Q3,
8–16 days) and those not re-admitted due to ADRs (9 days,
Q1-Q3, 5–16 days). Experiencing an ADR during the index
admission did not significantly increase the incidence of
re-admission to hospital (77/163 (47.2%) vs. 326/792
(41.2%) c2 = 2.05, P = 0.15), or re-admission ADR rate (16/
163 (10.5%) vs. 57/792 (7.2%),c2 = 1.31, P = 0.25). Of the 403
patients re-admitted during the year following the index
admission, 56 (13.9%) died following the re-admission to
hospital. The median length of stay for re-admissions
directly resulting from ADRs was 8 days (Q1-Q3,3–14 days).
The reason for re-admission and number of ADRs identi-
fied for these re-admissions are shown in Table 2.

The majority of ADRs (n = 88, 97%) were Type A ADRs
[11]. ADRs occurred despite prophylactic treatment in 19
(20%) of cases. These ADRs were bleeding (10), constipa-
tion (3), gastritis (2), C. difficile infection (1), fractures (1),
gastric ulcer (1), and seizure (1). Drug–drug interactions
contributed to 38 (42%) ADRs, of which 36 (95%) were
pharmacodynamic drug–drug interactions. There were
two pharmacokinetic interactions, both of which involved
warfarin. One was with amiodarone, which resulted in an
increase in the International Normalized Ratio (INR), while
the other was with erythromycin, which caused an
increased INR and epistaxis.

A total of 78 (86%) ADRs were reportable to the CHM/
MHRA Yellow Card Scheme [10]. The majority of ADRs
(n = 53, 58.2%) were classified as ‘definite’ or ‘probable’

ADRs, with 38 (41.8%) of ADRs classified as ‘possible’ using
the Naranjo algorithm [8]. Over half of ADRs were classified
as ‘definitely’ (n = 13, 14.3%) or ‘possibly’ (n = 39, 42.9%)
avoidable, with 39 (42.9%) classified as ‘unavoidable’ [9].
Eight ADRs contributed to the death of the affected
patient, one directly (Table 3).

A detailed description of the ADRs and their causative
drugs is shown in Table 4. Anti-platelets and loop diuretics
were the most common causative drug groups, with
bleeding and renal impairment the most frequent ADRs.

A total of 64 different drugs, and 148 prescriptions con-
tributed to ADRs. The drug implicated in causing the ADR
had been started in a number of settings, with approxi-
mately 22% having been started during the index admis-
sion (Table 5).

For comparison, within 28 days of the index discharge,
121 patients (12.7%) were re-admitted. Complete data for
these admissions were available for 100 (83%) patients,
and 23 (23.0%, 95% CI 15.8, 32.2%) of these patients expe-
rienced an ADR-related re-admission in this time-period.

Discussion

This study has shown that approximately one fifth of those
patients re-admitted to hospital within 1 year of discharge
are re-admitted due to a suspected ADR, and that approxi-
mately half of these ADRs are definitely or possibly avoid-
able. Our data are consistent with other studies which have
shown that drug-related problems are a significant, and
often avoidable, factor in re-admission [4, 5, 12, 13], despite

Table 2
Reasons for readmission and ADRs

Reason for re-admission (within 1 year)
Number of
re-admissions (n = 669)

ADR-related
re-admission (n = 86)

Manifestation of same disease state as index admission 312 (46.6%) 25 (29.1%)
Manifestation of different disease state to index admission 333 (49.8%) 58 (67.4%)

Social issues 4 (0.6%) 1 (1.2%)
Other (e.g. rehabilitation) 1 (0.1%) 0 (0.0%)

Unknown reason for index admission 19 (2.8%) 2 (2.3%)

Table 3
ADRs linked with deaths

Adverse drug reaction
Number of associated
patient deaths (n = 8)

Drugs (number
of deaths)

Avoidability (definite,
possible, unavoidable)

Renal impairment 4 Amiloride (1), atenolol (1), bumetanide (2), enalapril (1),
furosemide (2), ramipril (2), spironolactone (1)

1 definite
2 possible
1 unavoidable

Gastro-intestinal bleeding 3 Aspirin (2), clopidogrel (1) 3 unavoidable

Torsades de pointes 1 Chlorpromazine (1), quetiapine (1) 1 unavoidable
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the fact the study designs, including time periods for
re-admission, and definitions of drug-related problems,
have varied between studies.

Approximately 13% of patients were re-admitted to the
study hospital within a 28-day time period. Approximately
23% of these re-admissions were related to ADRs.The mea-
surement of the rate of emergency re-admission to hospital

within 28 days of discharge from hospital is a NHS perfor-
mance indicator, with previous data suggesting that
approximately 5% of patients discharged from NHS hospi-
tals are re-admitted as an emergency within 28 days [6].The
reason why the 28-day re-admission rate was higher in our
hospital than the national average has not been examined
in our study, but there are many possible explanations,

Table 4
Adverse drug reactions within 1 year of index discharge and causative drugs

Description
of reaction

Number of
reactions n = 91,
(number of patients) Causative drug (number of ADRs)

Bleeding 17 (13) Aspirin (7); clopidogrel (5); warfarin (3); diclofenac, citalopram (2); alendronate, dalteparin, erythromycin,
prednisolone (1)

Renal impairment 11 (8) Furosemide, spironolactone (6); bumetanide, ramipril (5); digoxin (2); amiloride, atenolol, diclofenac, enalapril,
metformin, telmisartan (1)

Constipation 8 (7) Iron supplements (4); amitriptyline (3); phenytoin (2); citalopram, hyoscine butylbromide, morphine, tramadol (1)
Electrolyte disturbances 8 (7) Calcitriol, furosemide (2); bumetanide, calcium supplements, citalopram, fludrocortisone, potassium supplements

(1)

Hypoglycaemia 5 (4) Biphasic isophane insulin (5)
C. difficile infection 4 (2) Amoxicillin, lansoprazole (3); ceftriaxone, ciprofoxacin, clarithromycin, omeprazole (1)

Fall 4 (4) Perindopril (2); amisulpiride, atenolol, bisoprolol, carbamazepine, co-amilofruse, furosemide, lamotrigine (1)
Fracture 4 (4) Prednisolone (4); fluticasone (3)

Seizures 3 (1) Citalopram (3)
Anaemia 2 (2) Aspirin, clopidogrel, diclofenac, prednisolone (1)

Gastritis 2 (2) Asprin, citalopram, prednisolone (1)
Increased INR 2 (2) Warfarin (2); amiodarone (1)

Convulsive reaction 2 (1) Trimethoprim (2)
Abdominal pain 1 (1) Aspirin, diclofenac (1)

Anaphylaxis 1 (1) Flucloxacillin (1)
Bradycardia 1 (1) Bisoprolol (1)

Candidal infection 1 (1) Mycofenolate, prednisolone(1)
Diarrhoea 1 (1) Amoxicillin, cefalexin, ciprofloxacin (1)

Elevated LFTs 1 (1) Atorvastatin (1)
Erythema nodosum 1 (1) Azathioprine (1)

Flushing 1 (1) Sulfasalazine (1)
Gastric ulcer 1 (1) Aspirin, diclofenac (1)

Gout 1 (1) Furosemide (1)
Hyperglycaemia 1 (1) Olanzapine (1)

Hyperpyrexia 1 (1) Trifluoperazine (1)
Neutropenic sepsis 1 (1) Cancer chemotherapy agents (1)

Opioid dependence 1 (1) Pethidine (1)
Rash 1 (1) Flucloxacillin (1)

Table 5
Relation of prescription of causative drug to index admission

Description

ADR re-admission

Within 28 days: number
of causative drug
prescriptions n = 37, (%)

Within 1 year: number
of causative drugprescriptions
n = 148, (%)

Causative drug continued unchanged during the index admission 19 (51.4) 68 (45.9)
Causative drug was initiated during the index admission 11 (29.7) 33 (22.3)

Causative drug prescribed elsewhere/dose changed since the index admission 5 (13.5) 37 (25.0)
Causative drug had dose changed during the index admission 2 (5.4) 3 (2.0)

Unknown – Data regarding medicines use missing from patient case notes for index admission. 0 (0) 7 (4.7)s

Emergency re-admissions due to ADRs
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including the fact that the hospital serves a relatively
elderly population from an inner city deprived area, and
also because previous surveys may not have used robust
methodology and therefore under-estimated the problem.

In common with the Australian study of ADR-related
hospitalizations [5], increasing age was a significant factor
in re-admissions overall, and particularly in re-admissions
due to ADRs. No differences were found in re-admission or
ADR rates with gender, despite the findings of previous
work in the study hospital [1, 2] and in the ADR literature
[14–17] which have suggested that ADR rates are higher in
females. However, the totality of the evidence in the litera-
ture is not conclusive [18, 19], and a large study of emer-
gency medical re-admissions in a UK hospital has actually
shown the opposite, in that the overall re-admission risk at
12 months was significantly higher in males [20].

Being a medical patient, rather than a surgical patient,
increased the risk of re-admission in our study.This may be
a reflection of the increased number of medicines and
co-morbidities seen in medical patients. The duration of
length of stay during the index admission did not affect
whether or not the patient experienced an ADR, while the
presence of an ADR during the index admission also did
not increase the risk of re-admission overall, or
re-admission due to ADRs, in agreement with findings of
Dormann et al. [4].

Bleeding was the most common ADR,with antiplatelets
(aspirin and clopidogrel) amongst the most common caus-
ative drugs. Diuretics and anti-hypertensives also resulted
in many ADRs. These findings match those of our admis-
sions study [1]. In addition, Zhang et al. found that cardio-
vascular drugs were most frequently responsible for repeat
ADR admissions [5]. Potentially avoidable deaths were
associated with renal impairment with diuretics and
anti-hypertensive medicines. The need for strategies to
improve diuretic management was identified in an earlier
study of hospital inpatients [2] as a key area for reducing
ADR-related deaths. These recommendations are sup-
ported by this re-admissions study and by a recent system-
atic review of preventable ADR-related admissions [21]. In
general, there is a need to improve the monitoring of drug
therapy [22], but progress in this area is hampered by the
lack of evidence of the type and frequency of monitoring.

One fifth of drugs causing re-admission were newly
prescribed for the patient during the index admission, with
the figure for 28-day re-admissions rising to almost one
third of prescriptions. This highlights the importance of
adequate follow-up of patients commenced on new medi-
cines in hospital. Liaison between primary and secondary
care and the individual patient is essential to ensure that
medicines are continually reviewed for suitability in the
patient’s home environment [23, 24]. Indeed, all medicines,
whether newly commenced, or long continued, need to be
monitored.

This is the largest study of ADR-related re-admissions in
the UK, but there are limitations of our findings.The admis-

sion to hospital used as the ‘index admission’ in this study
was unlikely to have been the first hospital admission for
most of the patients in this study, and it therefore serves as
an arbitrary baseline assessment. As previously discussed,
retrospective studies rely on the accuracy of the data
recorded in the patient case notes [25]. In the study hospi-
tal, case notes are paper-based, often in several volumes,
making case note tracking difficult and resulting in missing
data. Extrapolations made to generate incidence rates for
re-admissions in this study were thus made with caution. It
is also important to note that emergency re-admissions to
the study hospital alone and not to other hospitals were
assessed.

Many of the events which will lead to hospital
re-admission may have occurred irrespective of drug
intake.Thus another limitation of our study is that we have
not taken into account the attributable fraction caused by
individual drugs. At an individual level, assessment of the
aetiological fraction is not possible, and is further compli-
cated by the fact that for most drug-related adverse reac-
tions, there are no good data on which to estimate the
aetiological fraction. Given these problems, by assessing
each patient’s case notes for each re-admission, and by
conducting ADR causality assessments for each suspected
reaction, we feel that we have presented data which
acknowledge that alternative causes for these re-
admissions may exist.

A valid criticism of studies and political targets, which
assess re-admission as a health-related outcome, is that
they fail to consider that avoiding re-admission is not
a direct objective of hospital care and that some
re-admissions are planned and some are unavoidable [26].
This study ensured that only emergency re-admissions
were assessed, and that each ADR was assessed for avoid-
ability in order to maintain objectivity when assessing the
impact of ADRs on hospital re-admission.

In conclusion, one fifth of patients re-admitted to hos-
pital within 1 year of discharge from their index admission
are re-admitted due to an adverse drug reaction. This
causes a significant burden on NHS resources due to avoid-
able ADRs. Aspirin and diuretics were among the most fre-
quent causative drugs, and the elderly were the most at
risk. Although our study is limited by the fact that it has
only assessed harms, and not the known benefits of drugs,
it nevertheless highlights the need to (i) effectively review
patients’ medicines both during the inpatient stay, and in
primary care and (ii) develop strategies that continually
assess the benefit-harm balance of medicines to ensure
that this is maximized.
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